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(54) SUBSTRATE FOR DEVICE MANUFACTURING, PROCESS FOR MANUFACTURING THE 
SUBSTRATE, AND METHOD OF EXPOSURE USING THE SUBSTRATE 



(57) A device producing substrate having a depres- 
sion not passing through the substrate from the front to 
back formed on the surface of the substrata The 
depression preferably has an area of an extent which 
can be used as a mark for preaOgnment The depres- 
sion preferably is formed at least at part of the outer 
periphery of the substrate. The depression means any 
sort of depression not passing through the substrate 
and is used in a sense including a notch, hollow, hole, 
etc. In the device producing substrate, it is possible to 
use a dark-field imaging type microscope with an 
oblique incidence illumination or a differential interfer- 
ence microscope with an oblique incidence illumination 
to easily detect the position of the depression and pos- 
sible to perform pre-alignment based on the result of 
detection. Further, in this device producing substrate, 
the depression used for the pre-alignment is formed not 
to pass through the substrate from the front to back, so 
less stress concentration occurs compared with a con- 
ventional orientation flat or notch. 
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Description 

[0001 ] The present invention relates to a silicon wafer 
used for example when producing a semiconductor 
device or another device producing substrate, a method s 
of production thereof, and a method of exposure for 
transferring a mask pattern using that substrata 

BACKGROUND ART 

10 

[0002] When producing an LSI or other semiconductor 
device, it is usually necessary to form as much as sev- 
eral dozen layers of circuit patterns on a silicon wafer or 
other semiconductor substrate all accurately aligned 
with respect to each other. To performing this alignment is 
with a high accuracy, an alignment mark (wafer mark) is 
formed together with the circuit pattern at each shot 
region on the surface of the semiconductor substrate. 
Further, when using a stepper or other exposure appa- 
ratus to transfer a mask pattern on the second or later 20 
layers of the semiconductor substrate, an alignment 
sensor provided at the exposure apparatus detects a 
predetermined alignment mark and aligns the mask pat- 
tern with the circuit pattern in the shot region on the 
wafer based on the result of the detection 2s 
[0003] At the time of such high accuracy mark detec- 
tion, however, it is necessary to get the alignment mark 
to be detected into the detectable region of the align- 
ment sensor, so relatively low accuracy alignment 
detection is performed based on the circumferential 30 
shape of the wafer in a pre-alignment step in advance. 
To detect position using such a circumferential shape 
criteria, an orientation flat or notch or other removed 
portion has been provided at the outer periphery of a 
conventional semiconductor substrate to pass through 35 
the substrate from the front to back. The position of the 
removed portion provided at the outer periphery of the 
substrate in this way has been used as the criteria for 
the pre-alignment of the two-dimensional position and 
rotational angle of the substrate. 40 
[0004] A conventional semiconductor substrate, in this 
way, is provided with a removed portion passing through 
the substrate for detection of position using the shape 
criteria. In a semiconductor substrate formed with such 
a removed portion, however, the stress and strain 45 
occurring in the substrate concentrate at the removed 
portion during the heat processes accompanying pro- 
duction of the device or during the formation of a film 
with a high tension. This causes a deterioration in the 
planarity around the removed portion and causes defer- so 
matfon in the in-plane direction and therefore has had 
the problem of causing a deterioration in the properties 
of the device formed near the removed portion. 
[0005] Further, in a conventional exposure apparatus, 
pre-alignment has been performed assuming the exist- 55 
ence of an orientation flat or notch or other removed 
portion passing through the substrate, so pre-alignment 
is liable to become difficult when eliminating such a 



removed portion from the semiconductor substrate. 

DISCLOSURE OF THE INVENTION 

[0006] The present invention was made in considera- 
tion of this situation and has as its object the provision 
of a device producing substrate resistant to the occur- 
rence of stress and strain due to stress concentration 
and enabling pre-afignment. a method of production of a 
device producing substrate, and a method of exposure 
enabling alignment using such a device producing sub- 
strate. 

[0007] To achieve the above object, the device pro- 
ducing substrate according to the present invention is 
characterized by the formation of a depression not 
passing through the substrate from the front to back at 
the surface of the substrate. The depression preferably 
has an area of an extent able to be used as a mark for 
prealignment The depression preferably is formed at 
least at part of the outer periphery of the substrate. Note 
that in the present invention, the "front" and the "back" 
of the substrate are relative concepts and are not defin- 
itively fixed. The surface of the substrate at the side 
where the depression of the present invention is formed 
is treated as the front but the depression may also be 
formed at the back as wed. Further, in the present inven- 
tion, the "depression" means any sort of depression not 
passing through the substrate and is used in the sense 
including a notch, hollow, hole, etc. 
[0008] In the device producing substrate according to 
the present invention, it is possible to easily detect the 
position of the depression by using a dark-field imaging 
type microscope with an oblique illumination or a differ- 
ential interference microscope with an oblique illumina- 
tion or the like and possible to perform prealignment 
based on the result of the detection. Further, in the 
device producing substrate according to the present 
invention, the depression used for the prealignment is 
formed so as not to pass through the substrate from the 
front to back, so stress concentration occurs less easily 
compared with the conventional orientation flat or notch. 
As a result the planarity of the substrate is easily main- 
tained and the properties of the semiconductor device 
built in the substrate are improved even during heat 
processes accompanying device production or during 
formation of films with strong tension. Further, since 
stress and strain do not easily occur near the depres- 
sion It is possible to form a semiconductor device etc. 
with a high accuracy even near the depression. 
[0009] The substrate is not particularly limited. It may 
be a single layer substrate or a single layer substrate on 
the surface of which a single or multiple layers of thin 
f Oms are stacked. Preferably, the substrate is comprised 
of a substrate body and a functional layer stacked on 
the surface of the substrate body and has the depres- 
sion formed in the functional layer. Preferably, the sub- 
strate body is a silicon monocrystalline substrate. More 
preferably, the functional layer is comprised of an insu- 
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lating layer stacked on the surface of the substrate body 
and a semiconductor layer stacked on the surface of the 
insulating layer. A substrate having such a functional 
layer is called a "silicori-on -insulator" (SOI) structure 
substrate. By providing a depression passing through 5 
only the semiconductor layer, it is possWe to minimize 
the stress concentration due to the provision of the 
depression. 

[0010] One or more depressions may be provided at 
the outer periphery of the substrate. When providing 10 
depressions at a plurality of locations at the outer 
periphery of the substrate, compatbflrty with substrate 
having the conventional plurality of notches is ensured. 
[001 1 ] The best mode of a device producing siisstrate 
according to the present invention is that of a device is 
producing substrate covered on its surface with a thin 
f Dm, characterized by the formation of an orientation flat, 
or notch at part of the thin film. The device producing 
substrate is preferably an SOI wafer. 
[0012] To achieve the above object the method of pro- 20 
during a device producing substrate according to the 
present invention comprises a first step of forming a 
functional layer on the surface of a substrate body and a 
second step of forming a depression at part of the func- 
tional layer. 25 
[001 3] Preferably, the second step comprises a step 
of coating the surface of the functional layer with a pho- 
tosensitive material to form a photosensitive layer, a 
step of exposing the surface of the photosensitive layer 
by a pattern corresponding to the depression, a step of 30 
developing the photosensitive layer which has been 
exposed, and a step of using the mask pattern of the 
developed photosensitive layer to etch at least part of 
the functional layer to form the depression. 
[0014] Preferably, the functional layer comprises an 35 
insulating film stacked on the surface of the substrate 
body and a semiconductor layer stacked on the surface 
of the insulating layer and the semiconductor layer is 
etched to form the depression in the semiconductor 
layer using the insulating layer as an etching stopper 40 
layer to stop the etching at the surface of the insulating 
layer. 

[0015] Preferably, the first step comprises a step of 
forming an insulating layer on the surface of a first 
monocrystailine substrate, a step of forming a planari- 4s 
zation layer on the surface of the insulating layer, a step 
of bonding a second monocrystailine substrate to form 
the substrate body on the surface of the planarization 
layer, and a step of polishing the surface of the first 
monocrystailine substrate at the side opposite to the so 
insulating layer to process the first monocrystailine sub- 
strate to a semiconductor layer of a predetermined 
thickness. By this method, it is possHe to easily pro- 
duce an SOI substrate having a monocrystailine thin 
film layer stacked on the surface of another monocrys- ss 
talOne substrate through an insulating layer. Preferably, 
the surface of the first monocrystailine substrate at the 
side opposite to the insulating layer is polished by 



chemical mechanical polishing. 
[0016] Further, the first step may be comprised of a 
step of implanting oxygen ions so as to give a peak of 
the distribution of concentration of the impurity at a posi- 
tion of a predetermined depth from the surface of the 
monocrystalGne substrate for forming the substrate 
body and a step of heat treating the substrate body after 
ion implantation to cause the oxygen ions implanted at 
a position of a predetermined depth from the surface of 
the substrate body to chemically bond with the elements 
of the monocrystal constituting the substrate body to 
form an insulating layer. It is possible to easily produce 
an SOI substrate having a monocrystailine thin fflm 
stacked on the surface of another monocrystailine sub- 
strate through an insulating layer by this method as well. 
[0017] To achieve the above object the method of 
exposure according to the present invention comprises 
a step of using a device producing substrate formed at 
the surface of the substrate with a depression not pass- 
ing through the substrate from the front to back and 
detecting the position of the depression, a step of align- 
ing the substrate based on the detected position of the 
depression, and a step of exposing the aligned sub- 
strate. The position of the depression on the substrate is 
preferably detected by the oblique incidence illumina- 
tion system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[9018] In the attached drawings, 

Fig. 1A is a plan view of a wafer according to 

an embodiment of the present inven- 
tion, 

Fig. 1B is a front view of the wafer, 

Figs. 2A and 2B are sectional views of key portions 
showing an example of the process 
of production of the wafer, 

Figs. 3Ato3E are sectional views of key portions 
shewing an example of the produc- 
tion of production of the wafer follow- 
ing Fig. 2B, 

Fig. 4 is a schematic view of the configura- 

tion of a projection exposure appara- 
tus for projection exposure of the 
wafer shown in Fig. 1, 

Fig. 5 is an enlarged plan view of observa- 

tion fields of wafer detection sys- 
tems shown in Fig. 4, 

Figs. 6A to 6C are schematic perspective views of 
the process of production of a wafer 
according to another embodiment of 
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the present invention, 

Figs. 7A and 7B are schematic perspective views of 
the process of production of a wafer 
according to still another embocG- s 
merit of the present invention, and 

Figs. 8A to 8C are schematic perspective views of 
the process of production of a wafer 
according to still another embodi- 10 
merit of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[001 9] Below, the present invention will be explained is 
in detail based on embodiments shown in the drawings. 
[0020] A wafer 1 shown in Figs. 1A and 1B and serv- 
ing as the device producing substrate according to the 
present invention is a so-called silicon -on-insulator 
(SOI) structure silicon wafer. As shown in Fig. 1B, the 20 
wafer 1 of the present embodiment is provided with a 
substrate body 3 comprised of a monocrystalline silicon 
substrate having a thickness of 0.6 to 1 mm or so. On 
the surface of the substrate body 3 is stacked an insulat- 
ing layer 4 comprised of silicon dioxide (S1O2) having a 2s 
thickness of 0.1 to 1 00 m or so and for example a sem- 
iconductor layer 5 comprised of a monocrystalline sili- 
con layer having a thickness of 0.1 m or so. 
[0021 ] As shown in Figs. 1 A and 1 B, the outer periph- 
ery of the wafer 1 of the present embodment is formed 30 
with a substantially inverted V-shaped notch 2 (corre- 
sponding to the depression in the present invention) so 
as to pass through only the semiconductor layer 5 
arranged at the topmost layer of the wafer 1. This notch 
2 has a cutaway area of the same extent as a notch or as 
orientation flat formed in a conventional wafer. The con- 
ventional notch, however, is formed so as to pass 
through the wafer substrate over its total thickness, 
while the notch 2 of the present embodiment is formed 
in only the semiconductor layer 5 of the topmost layer 40 
having a thickness of about 0.01% of the total thickness 
of the wafer as a whole and therefore differs remarkably 
in that point 

[0022] Accordingly, the stress concentration due to the 
existence of the notch 2 is remarkably lower than that of 45 
a conventional wafer substrate and the mechanical 
strength of the wafer 1 near the notch 2 is almost the 
same as that of other regions. Therefore, the wafer 1 
does not suffer from stress concentration or stress and 
strain near the notch 2 even after a heat treatment proc- so 
ess etc. and it is possible to form a circuit pattern with a 
high accuracy even in the shot region near the notch 2 
at the time of exposure by an exposure apparatus. Fur- 
ther, at the time of pre-afignment of the wafer 1, it is pos- 
sfole to detect the position of the relatively shal low notch 55 
2 using for example dark-field imaging type microscope 
with an oblique incidence illumination or differential 
interference microscope with an oblique incidence illu- 



mination and the like for alignment based on the outer 
shape criteria of the wafer 1 by substantially the same 
method as in the past 

[0023] Next, an explanation will be made of an exam- 
ple of the method of production of the water 1 according 
to the present embodiment step by step with reference 
to Fig. 2. 

[0024] In this entxxfmerrt, the case of producing the 
SOI structure wafer 1 by the bonding method will be 
explained. 

[First Step] 

[0025] As shown in Fig. 2A, an insulating layer 4 com- 
prised of silicon dioxide etc. is formed on the surface of 
a first monocrystalline substrate 50 comprised of a sili- 
con monocrystalline wafer. The insulating layer 4 may 
be formed by thermal oxidation of the surface of the 
substrate 50. Further, it may be formed by depositing on 
the surface of the substrate 50 a thin film of silicon diox- 
ide, silicon nitride, etc. by CVD. The thickness of the 
insulating layer 4 is not particularly limited, but is about 
0.1 to 100 m in this embodiment 
[0026] ft may also be considered to directly bond a 
second monocrystalline substrate 54 comprised of a sil- 
icon monocrystalline substrate etc. on the surface of the 
insulating layer 4, but in consideration of the ease of 
planarization and the ease of boncfing, in the present 
embodiment first a planarization layer 52 is formed on 
the surface of the insulating layer 4. The planarization 
layer 52 is formed for example by depositing a pofy crys- 
talline silicon or low melting point oxide f Dm (for exam- 
ple, a BPSG film etc.) by CVD on the surface of the 
insulating layer 4. The surface 52a of the planarization 
layer 52 formed by CVD is a rough surface right after 
deposition, rf left in that state, bonding of the second 
pdycrystalline substrate 54 would be difficult. There- 
fore, in the present embodiment, the surface 52a of the 
planarization layer 52 is polished by chemical mechani- 
cal polishing (CMP). CMP is a technique which causes 
relative movement between a polishing pad and polish- 
ing object in the presence of a polishing agent to bring 
out the chemical function of the polishing agent and the 
mechanical function of the polishing pad and thereby 
enables good planarization of not only fine step differ- 
ences, but even global step differences. The polishing 
agent is not particularly limited, but for example silicon 
dioxide (SiO^ powder of a particle size of 8 to 50 nm 
dispersed in a solution of potassium hydroxide and 
adjusted in pH or alumina (AI203) powder dispersed in 
a solution of an oxidizing agent (for example, hydrogen 
peroxide solution) and adjusted in pH may be used. 
Note that the polishing pad is not particularly limited, but 
a porous polyurethane foam etc. may be used. 
[0027] As a result of the polishing by CMP, the surface 
of the planarization layer 52 becomes flat. Next that 
surface and the surface of the second monocrystalline 
substrate 54 are bonded together. The method of bond- 
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ing includes a method using an adhesive and a method 
not using it. In the method using an adhesive, good 
bonding is possible between the surface of the sub- 
strate 54 and the surface of the planarization layer 52 to 
be bonded even if there is some roughness, but to 5 
improve the properties of the device built into the SOI 
substrate etc., it is preferable not to use an adhesive. As 
methods not using an adhesive, the heat bonding 
method, electrostatic bonding method, the anodic bond- 
ing method, etc. are known. To bond substrates without w 
using an adhesive, the planarfty of the bonded surfaces 
is important At the time of bonding, heat treatment is 
performed for example at 1000 to 1100 C for 2 to 3 
hours or so. The connection between the substrates is 
secured by the bonds of the silanol groups. In high tern- 1S 
perature heat treatment, the connection between the 
substrates becomes strong because of siloxane bonds 
caused by dehydrogenation of the silanol groups. Note 
that when the planarization layer 52 is comprised of a 
BPSG layer, the temperature tor connection of the sub- 20 
strates can be made lower. After bonding the substrate 
50 and the substrate 54 in this way, as shown in Fig. 2B, 
the surface of the first monocrystalGne substrate 50 at 
the side opposite to the insulating layer is polished to 
obtain an SOI structure wafer 1 having a semiconductor 2s 
layer 5 comprised of relatively thin monocrystalline sili- 
con on an insulating layer 4. The polishing at this time 
as well may be performed by the above CMP. 
[0028] Note that the method for obtaining the SOI 
structure wafer 1 is not limited to the above embodi- so 
merit, rt is also possible to obtain this by the SIMOX 
(separation by implanted oxygen) method of implanting 
oxygen ions to give a peak of the cfistrftxrtion of concen- 
tration of the impurity at a position of a predetermined 
depth from the surface of the monocrystalline substrate ss 
to be the substrate body 3. By heat treating the sut> 
strate body 3 after ion implantation, it is possible to 
make the oxygen ions implanted at a position of a pre- 
determined depth from the surface of the substrate 
body 3 chemically bond with the elements of the monoc- 40 
rystalline silicon constituting the substrate body 3 to 
form the insulating layer 4 comprised of silicon dioxide 
etc. 

[0029] Further, when comprising the semiconductor 
layer 5 shown in Fig. 1 B by a pofycrystalline siGcon etc., as 
the entire surface of the substrate body 3 comprised of 
the silicon monocrystal etc. may be formed succes- 
sively with an insulating layer 4 comprised of silicon 
dioxide and a semiconductor layer 5 by evaporation, 
sputtering, CVD, etc. In terms of the properties of the so 
device built into the surface of the SOI structure wafer 1 , 
however, the semiconductor layer 5 stacked on the insu- 
lating layer 4 is preferably a semiconductor layer 5 com- 
prised of monocrystalline silicon rather than 
polycrystalfine silicon. ss 



[Second step] 

[0030] Using the SOI structure wafer 1 obtained in the 
first step, next, as shown in Fig. 3B, the surface of the 
topmost semiconductor layer 5 is coated with a resist 6 
serving as a photosensitive material for forming a pho- 
tosensitive layer. Note that the resist 6 may also be 
coated only partially at a small region on the surface of 
the semiconductor layer 5 including the region in which 
the notch is to be formed. Here, the resist 6 is assumed 
to be a positive type. A not shown exposure apparatus 
is used to expose the region 7 on the resist 6 where the 
notch is desired to be provided through a corresponding 
mask pattern 

[0031] Next, the resist 6 is developed to remove the 
portion 8 corresponding to the region 7 in the resist 6 as 
shown in Fig. 3C. 

[0032] Next, as shown in Fig. 3D, the partially 
removed resist 6 is used as a mask for etching the sem- 
iconductor layer 5. At the time of the etching, an etchant 
suitable for etching the silicon constituting the semicon- 
ductor layer is used. Therefore, the insulating layer com- 
prised of the silicon dioxide etc. present under the 
semiconductor layer 5 becomes the etching stopper 
layer and the control of the etching in the depth direction 
is permitted to be extremely rough. Further, the side 
etching characteristic in the in-plane direction need only 
be an accuracy of an extent required in the pre-align- 
ment by the outer shape criteria (about 10 m), so an 
extremely inexpensive wet etching technique may be 
used. Due to this, as shown in Fig. 3D, a removed por- 
tion 9 is formed in the silicon layer 5. 
[0033] Next, as shown in Fig. 3E, the remaining resist 
6 is peeled off, whereby the removed portion 9 becomes 
a shallow notch (depression of the present invention) 2 
and the wafer 1 shown in Figs. 1 A and 1 B is formed. 
[0034] Note that in the above embodiment the bond- 
ing technique shown in Figs. 2A and 2B is used to pro- 
duce an SOI structure wafer 1, then a shallow notch 2 is 
formed. In the present invention, however, it is also pos- 
sible to form a notch or orientation flat the same as in 
the past by a conventional known method at the outer 
periphery of the first monocrystalline substrate 50 to be 
bonded, then use the above-mentioned bonding tech- 
nology to obtain an SOI structure wafer so as to form 
the notch 2 shown in Figs. 1A and 1B. 

[Method of Exposure] 

[0035] Next, an explanation will be given of an exam- 
ple of exposure of the mask pattern on the wafer 1 of the 
present embodiment shown in Rg. 1 with reference to 
Fig. 4 and Rg. 5. As the exposure apparatus tor the 
wafer 1, any of an optical exposure apparatus using 
ultraviolet light eta as the exposure energy beam or a 
charged particle beam exposure apparatus performing 
exposure using an electron beam etc. may be used, but 
here the explanation will be made of an example of use 
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of an optical projection exposure apparatus. 
[0036] Figure 4 shows the overall schematic configu- 
ration of a projection optical system used for exposure. 
As shown in Fig. 4, the exposure apparatus of the 
present embodiment is provided with an illumination 
optical system 1 1 containing an exposure light source, a 
fly's eye lens, and condenser lens. The reticle 12 serv- 
ing as the mask is illuminated by the exposure light from 
the optical system 11 (excimer laser beam, mercury 
lamp i-rays and g-rays, etc.). The reticle 12 is held on a 
reticle stage 13 for positioning the reticle. The image of 
the pattern of the reticle 12 is transferred to the shot 
region of the wafer (not shown) through the projection 
optical system PL under this exposure fight. 
[0037] The wafer to be exposed is held on the wafer 
holder 1 4 by vacuum or by electrostatic force. The wafer 
holder 14 is secured on a sample table 15. The sample 
table 15 is positioned three-dimensionally by the wafer 
stage 16. The position of the sample table 15 (wafer) is 
detected by a moving mirror 1 7m on the sample taWe 1 5 
and an outer laser interferometer 1 7. The detection sig- 
nal is input to the main control system 40 for overall con- 
trol of the operation of the apparatus as a whole. Based 
on the control signal of the main control system 40, the 
stage drive system 18 controls the operation of the 
wafer stage 16. Further, as one example, an off axis 
type image processing system alignment sensor 19 is 
arranged at the side part of the projection optical sys- 
tem PL The alignment sensor 1 9 detects the position of ' 
the wafer mark (alignment mark) on the wafer to be 
exposed and supplies the result of the detection to the 
main control system 40. The main control system 40 
aligns the wafer to be exposed based on the result of 
detection. 

[0038] To detect the position of a wafer mark on a 
wafer through the alignment sensor 19 in this way, it is 
necessary to prealipji the wafer by the outer shape cri- 
teria so that the wafer mark fails within the observation 
field of the alignment sensor 19. Therefore, a wafer 
loader system provided with a pre-alignment mecha- 
nism 22 is arranged in the side direction of the wafer 
stage 16. 

[0039] The pre-alignment mechanism 22 is comprised 
of a stage able to be moved finely two-dimensionally in 
the translational direction and a turntable. Above the 
mechanism 22 are provided with three wafer detection 
systems 30 to 32 of oblique incidence illumination sys- 
tem imaging type. The imaging signals of the wafer 
detection systems 30 to 32 are supplied to an image 
processor in the main control system 40. Further, the 
wafer detection system 30 has a dark-field imaging type 
microscope so as to be able to detect the position of a 
low step difference mark etc., while the other wafer 
detection systems 31 and 32 are ordinary bright field 
imaging type microscopes. Further, in the state with the 
wafer 1 shown in Fig. 1 placed on the pre-alignment 
mechanism 22, the observation fields 30a to 32a of the 
wafer detection systems 30 to 32 are positioned at the 



peripheral edges of the wafer 1. 
[0040] Figure 5 shows the relationship between the 
observation fields 30a to 32a on the pre-alignment 
mechanism 22 and the wafer 1 . The notch 2 of the wafer 

5 1 falls within the observation field 30a, while the edge 
portions of the wafer 1 fall within the other observation 
fields 31a and 32a. Further, the main control system 40 
processes the imaging signal corresponding to the 
image in the observation field 30a to detect the two- 

10 dimensional position of the center 33A of the notch 2 
and processes the imaging signals corresponding to the 
images in the other observation fields 31a and 32a to 
detect the positions 33B and 33C in the radial direction 
of the edges of the wafer 1. Based on these results of 

is detection, the main control system 40 controls the align- 
ment operation of the pre-alignment mechanism 22. 
[0041] As shown in Fig. 4, a wafer handler 23 and a 
load slider 20 provided with a load arm 21 are provided 
at the right side and left side of the illustrated prealign- 

20 merrt mechanism 22. 

[0042] Next, an explanation will be made of the oper- 
ation until the wafer 1 of the present embodiment is fed 
from the outside of the exposure apparatus and 
exposed by the exposure apparatus. First, a wafer 1 

25 transported from for example a resist coater or other 
apparatus is temporarily held at the position P1 on the 
handler 23. Next, the wafer 1 is transported from the 
handler 23 to a position P2 on the pre-alignment mech- 
anism 22. The image information (imaging signal) of the 

30 outer shape and notch 2 of the wafer 1 is supplied 
through the wafer detection systems 30 to 32 to the 
main control system 40. The main control system 40 
finds from this image information the two-dimensional 
coordinates (WX, WY) of the center of the wafer 1 and 

35 the rotational angle W and finds the error of these val- 
ues from the target values at the time of pre-alignment 
Further, the main control system 40 corrects the posi- 
tion of the wafer 1 in the translational direction and the 
rotational angle through the pre-alignment mechanism 

40 22 so that the error falls within a permissible range to 
complete the alignment 

[0043] The wafer 1 aligned by the pine-alignment 
mechanism 22 is transported by a load arm 21 movable 
along a load slider 20 and placed at a position P3 on the 

45 wafer holder 14. After the wafer 1 is picked up and held 
on the wafer holder 1 4, the position of a predetermined 
wafer mark formed together with a shot region on the 
wafer is detected by the alignment sensor 19. Based on 
the result of detection, the accurate position of the shot 

so region on the wafer 1 is calculated. Next while aligning 
the wafer 1 , the pattern image of the reticle 12 is over- 
laid on the shot region of the wafer 1 through a projec- 
tion optical system PL for exposure. 
[0044] At this time, in the present embedment to 

55 detect the notch 2 of the topmost layer of the wafer 1 
shown in Figs. 1A and 1B, a wafer detection system 30 
having a dark-field imaging type microscope with an 
oblique incidence illumination is used. The notch 2 is 
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deemed to be a step difference mark with a substan- 
tially uniform reflectivity, so the position of the notch 2 
can be detected at a high accuracy by the wafer detec- 
tion system 3. As opposed to this, since the conven- 
tional alignment mechanism is provided with a 5 
transmission illumination type microscope as a wafer 
detection system, such a step difference mark could not 
be detected. Note that in the observed fields 31a and 
32a of Fig. 5, the edge of the wafer 1 is detected, so the 
corresponding wafer detection systems 31 and 32 may w 
also be transmission Domination types. 
[0045] The present invention is not limited to the 
above embodiment and can be modified in various ways 
within the scope of the invention. 
[0046] For example, in the wafer 1 according to the is 
embodiment shown in Rgs. 1A and 1B, a notch 2 is 
formed at only part of the topmost silicon layer 5. but as 
shown in Rgs. 6A to 6C, it is also possible to provide a 
notch 9A at just the insulating layer 4 comprised of sili- 
con dioxide etc. and form the semiconductor layer 5 20 
over it. In this case, as shown in Fig. 6C. a wafer 1A 
formed with a hollow 2A as a depression in the surface 
of the semiconductor layer 5 at the portion correspond- 
ing to the notch 9A of the insulating layer 4 is obtained. 
The hollow 2A of the wafer 1 A also has a similar action 25 
as the notch 2 of the wafer 1 according to that embodi- 
ment. 

[0047] Further, as shown in Figs. 7 A and 7B, by using 
the resist 6 to successively etch the semiconductor 
layer 5 and insulating layer 4 to form the removed por- so 
tion 9B and then removing the resist, rt is possible to 
produce a wafer 1B formed with a notch 2B passing 
through only the semiconductor layer 5 and the insulat- 
ing layer 4. This notch 2B of the wafer 1B also has a 
similar action as the notch 2 of the wafer 1 according to 35 
the above embodiment. The notch 2 formed at the wafer 
1 shown in Rgs. 1 A and 1B, however, is shallower than 
the notch 2B formed in the wafer 1B shown In Rg. 7B, 
so the effect of easing the stress concentration is 
greater. 40 
[0048] Further, in the present invention, as shown in 
Rg. 8A, notches 2C, 2D, and 2E may be provided at the 
topmost semiconductor layer 5 at a plurality of locations 
(three in Rg. 8A) contiguous with the outer peripheral 
edge of the wafer 1 C. Of course, however, notches pen- 45 
etrating through not only the semiconductor layer 5, but 
even the insulating layer 4 may be provided and notches 
may be provided in only the insulating layer 4 (same 
below). In this case, by providing the notches 2C to 2E 
so as to be asymmetrical, that is, so as not to be at equi- so 
angular intervals about the center of the wafer 1C, it is 
possible to prevent erroneous recognition of the direc- 
tion of orientation of the wafer 1C. 
[0049] Further, as shown in Rg. 8B, a notch 2F similar 
to an orientation flat may be provided at the semicon- 55 
ductor layer 5. Due to this, the wafer 1D of the present 
embodiment retains compatibility to a certain extent 
with a conventional wafer provided with an orientation 



flat. 

[0050] Further, as shown in Rg. 8C, a small hole 2G 
passing through only the semiconductor layer 5 may be 
provided at a region not contiguous with the outer 
peripheral edge of the wafer 1E. The area of the hole 
2G is approximately the same extent as the area of the 
notch 2. 

[0051 ] Further, while not shown, the substrate accord- 
ing to the present invention is not limited to an SOI 
structure wafer and for example may be a substrate 
having a notch at part of at least one layer of a substrate 
comprised of a silicon or gallium arsenic (GaAs) or 
other semiconductor substrate body on which is formed 
one or more thin films. 

[0052] Further, even in an ordinary semiconductor 
substrate comprised of a silicon monocrystaJline sub- 
strate, it is possftxe to produce a substrate having a 
shallow notch or other depression according to the 
present invention by thinly shaving the area near the 
surface. 

[0053] Further, in the above embodiments, a shallow 
depression was provided over a small area at part of the 
wafer and that depression used for the pre-alignment, 
but it is also possible to make the majority of the surface 
of the wafer a depression, leave a thin projection at the 
portion contiguous with the peripheral edge of the wafer, 
and use that projection for pre-alignment So long as the 
projection is thin, stress concentration will not be invited 
and further pre-alignment will be easy. 
[0054] Further, in the above embodiments, the notch 
was provided at the wafer in the lithography step, but a 
shallow notch may also be formed by emitting a laser 
beam at part of the wafer using a repair use YAG laser 
or other laser processing apparatus. 

Claims 

1 . A device producing substrate wherein a depression 
not passing through the substrate from the front to 
back is formed at the surface of the substrate. 

2. The device producing substrate as set forth in claim 

1 , wherein the substrate is comprised of a substrate 
body and a functional layer stacked on the surface 
of the substrate body and has the depression 
formed in the functional layer. 

3. The device producing substrate as set forth in claim 

2. wherein the functional layer is comprised of an 
insulating layer stacked on the surface of the sub- 
strate body and a semiconductor layer stacked on 
the surface of the insulating layer. 

4. The A device producing substrate as set forth in 
any one of claims 1 to 3, wherein the depression 
has an area of an extent which can be used as a 
mark for pre-alignment 
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5. The device producing substrate as set forth in any 
one of claims 2 to 4. wherein the substrate body is 
a silicon monocrystalline substrate. 

6. The device producing substrate as set forth in any 5 
one of claims 1 to 5, wherein the depression is 
formed at least at part of the outer periphery of the 
substrate. 

7. A method of production of a device producing sub- 10 
strate comprising: 

a first step of forming a functional layer on the 
surface of a substrate body and 
a second step of forming a depression at part is 
of the functional layer. 

8. The method of production of a device producing 
substrate as set forth in claim 7, wherein the sec- 
ond step comprises: 20 

a step of coating the surface of the functional 
layer with a photosensitive material to form a 
photosensitive layer, 

a step of exposing the surface of the photosen- 25 
sitive layer by a pattern corresponding to the 
depression, 

a step of developing the photosensitive layer 
which has been exposed, and 
a step of using a mask pattern of the developed 30 
photosensitive layer to etch at least part of the 
functional layer to form the depression. 

9. The method of production of a device producing 
substrate as set forth in claim 8. wherein 35 

the functional layer comprises an insulating film 
stacked on the surface of the substrate body 
and a semiconductor layer stacked on the sur- 
face of the insulating layer and 40 
the semiconductor layer is etched to form the 
depression in the semiconductor layer using 
the insulating layer as an etching stopper layer 
to stop the etching at the surface of the insulat- 
ing layer. 45 

10. The A method of production of a device producing 
substrate as set forth in any one of claims 7 to 9, 
wherein the first step comprises: 

so 

a step of forming an insulating layer on the sur- 
face of a first monocrystalline substrate, 
a step of forming a penalization layer on the 
surface of the insulating layer, 
a step of bonding a second monocrystalline 55 
substrate to form the substrate body on the sur- 
face of the planarization layer, and 
a step of polishing the surface of the first 



monocrystalline substrate at the side opposite 
to the insulating layer to process the first 
monocrystalline substrate to a semiconductor 
layer of a predetermined thickness. 

11. The method of production of a device producing 
substrate as set forth in claim 10, wherein the sur- 
face of the first monocrystalOne substrate at the 
side opposite to the insulating layer is polished by 
chemical mechanical poGshing. 

12. The method of production of a device producing 
substrate as set forth in any one of claims 7 to 9, 
wherein the first step comprises: 

a step of implanting oxygen ions so as to give a 
peak of the distribution of concentration of an 
impurity at a position of a predetermined depth 
from the surface of the monocrystalline sub- 
strate for forming the substrate body and 
a step of heat treating the substrate body after 
ion implantation to cause the oxygen ions 
implanted at the position of the predetermined 
depth from the surface of the substrate body to 
chemically bond with elements of monocrystal 
constituting the substrate body to form an insu- 
lating layer. 

13. A method of exposure comprising: 

a step of using a device producing substrate 
formed at the surface of the substrate with a 
depression not passing through the substrate 
from the front to back and detecting the posi- 
tion of the depression, 

a step of aligning the substrate based on the 
detected position of the depression, and 
a step of exposing the aligned substrata 

14. The method of exposure as set forth in claim 13, 
wherein the position of the depression on the sub- 
strate is detected by the oblique incidence illumina- 
tion method. 

15. A device producing substrate having a thin film 
formed on its surface, wherein an orientation flat or 
notch is formed at part of the thin film. 

16. The device producing substrate as set forth in claim 
15, wherein the device producing substrate is an 
SOI wafer. 
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